T h e electrocapacitance plethysmograph with local counterpressure was adapted for measurement of total blood flow and blood flow through the muscle and skin in 20 icteric preterm infants. Measurements were recorded from each infant, before and during phototherapy. In 10 infants in study I, the incubator was set to maintain skin temperature of 36.5" initially and during phototherapy and no attempt was made to alter the incubator settings. Total blood flow was found to increase by a mean of 116% due primarily to increased skin blood flow (224%) and to a lesser extent, muscle blood flow (35%). Concomitant increases in heart rate, respiration rate, skin and incubator temperature were found, but no change was observed in rectal temFerature. I n 10 infants in study 11, the skin temperature was kept constant at 36.5" before and during phototherapy by adjustment of incubator temperature. Significant increases, but of lesser magnitude, were observed in skin (52%) and total blood flow (37y0), whereas muscle blood flow remained unchanged. Rectal temperature fell by a mean of 0.6' and respiration rate and heart rate remained unchanged.
Speculation
During phototherapy both an increase in surface temperature and the direct effect of light results in augmentation of total blood flow. Increasing skin temperature appears to affect blood flow in both skin and muscle, whereas the direct effect of light from phototherapy lamps appears to affect skin blood flow only and to a lesser degree. The augmentation in skin blood flow should increase the efficiency of phototherapy. However, in small or sick infants the metabolic demands due to increasing temperature may outweigh any benefit from increasing blood flow.
Although phototherapy has been used successfully to prevent and treat hyperbilirubinemia [6] [7] [8] 14 , 161, little is known of the photobiology of the skin of neonates when they are subjected to such therapy. The reactions between the exposure of the infant to the radiation and the occurrence of photo-oxidation of bilirubin have not been clearly explained, although the process of photo-oxidation is stated to occur in the skin [18] . The rate of photo-oxidation would depend not only on the duration, irradiance, and wavelength of the radiation, but also on the concentration of bilirubin in the skin. The rate of clearance of bilirubin degradation products from the skin should be related to blood flow.
One of the effects on the skin of exposure to nonionizing electromagnetic radiations, in both the far and near UV range, is vasodilation [12, 131 . This may be due to a photocl~emical reaction which leads to the liberation of a mediator substance, "H" substance, or histamine-like dilator substance, which diffuses to the blood vessels in the dermis and causes vasodilation [12, 131 . Whether phototherapy, which involves exposure to energies in the visible light range as well as the near UV range of the electromagnetic spectrum, can cause similar changes in the infant is not known. In order to study the effects of phototherapy on skin blood flow in newborn infants, the electrocapacitance plethysmograph with local counterpressure [9] was adapted for measurement of total blood flow and skin blood flow in the calf of newborn preterm infants.
Materials and Methods
Twenty icteric preterm infants, mean birth weight 1,691 i 264.7 g, gestational age 35 * 1.4 weeks, and postnatal age 5 -t 1.5 days who were not otherwise ill, and were scheduled for treatment with phototherapy, were selected for blood flow measurements. Two sets of measurements were recorded from each infant: once before and once after at least 1 hr of exposure to phototherapy. T h e light source was from 10 GE 20-W daylight fluorescent lamps mounted over the incubator to provide an illumination intensity of 450 foot-candles at the infant level. T h e spectrum of wavelengths emitted by these lamps ranged from 300-700 nm with principal peaks of emission at 436, 546, and 578 nm. Measurement of irradiance was made with a Kendall Mark IV radiometer and the results are tabulated in Table I . All infants were kept naked in incubators except that the infants' eyes were covered with eye pads.
T h e initial recordings were taken 0.5 hr postprandially, when the infants were asleep or quiet. One hour on phototherapy was allowed to elapse before the second set of blood flow measurements were taken. Temperatures were recorded by telethermisters attached to a multichannel Yellow Spring recorder. Total blood flow and blood flow through the skin and muscle were recorded by electrocapacitance plethysmograph with local counterpressure as described by Hyman et al. [9, 101. Modifications were made in the size of the pressure cuffs and the arterial, venous, and counterpressures in the system i n order to adapt it for use in the premature infant, as described below (Fig. 1 ). T h e foot was allowed to rest on a pad at or slightly above the level of the heart and an arterial occlusive cuff (2 cm) was placed around the ankle. Inflation of this cuff to 90 mm Hg at the onset of the recording period excluded circulation to the foot. A venous occlusion cuff, 3.5 cm wide, was placed around the lower third of the thigh and inflated rapidly from a reservoir to the level at which optimal flows were recorded (usually 30-60 mm Hg). A special pneumatic cuff, for counterpressure and calibration, 3-3.5 cm wide, was wrapped around the calf directly beneath the "hot screen" of the capacitance. This arrangement made it possible to measure blood flow with the capacitance plethysmograph during application of graded counterpressure in the pneumatic cuff. Plethysmograph without counterpressure measures blood flow through all the tissues of the calf, whereas, when the critical counterpressure, which was 20 mm Hg in these premature infants, is applied, only the blood flow through deeper structures is measured.
Results
Three sets of studies were performed. I n the first set of studies involving 10 infants, control values for total blood flow and blood flow in the skin and muscles were initially recorded with the inlant at rest with skin temperature at 36-36.5" and rectal temperature at 36.5-37.5". Incubator temperature, heart rate, and respiration rate were also recorded. T h e infants were then put under the phototherapy lamps for 1 hr after which a second set of readings were taken. No attempt was made to alter incubator settings during the study.
Total blood flow was found to increase by a mean of 116% during phototherapy (Fig. 2) . T h e mean increment in skin blood flow was 224%, whereas that of the muscle was only 35%. Concomitant increases in hear^ rate, respiration rate, skin temperature, and incubator temperature were observed. No significant change was observed in rectal temperature (Table 11 ). I n the second set of studies involving another group of 10 infants, the skin temperature of the infants was . . . .
[=l pre -Phototherapy kept constant at 36.5" both before and during phototherapy by adjustment of incubator temperature. Blood flow measurements, heart rate, respiration rate, and skin, rectal, and incubator temperatures were recorded as above. Total blood flow was observed to be increased by a mean of 37% during phototherapy. This increase was due solely to increase in skin blood flow, which increased by 52%, with no significant change in muscle blood flow (Fig. 3) .
I n order to maintain the skin temperature at 36.5" during phototherapy, the temperature in the incubator had to be lowered in every instance from the prephototherapy setting. T h e range of change varied from -5.5" to -0.5" with a mean of 1.4". I n each infant, concomitant slight fall in rectal temperature was observed, mean + 1 SD = 0.6 2 0.2". No significant change was observed in heart rate and respiration rate (Table  111) . .....
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Change in measurements of total, muscle, and skin blood " -flow before and during phototherapy in 10 infants (study I). In Fig. 3 . Change in measurement of total, muscle, and skin blood this study no alterations were made in incubator temperature to flow before and during phototherapy in 10 infants (study II).
counteract observed concomitant rise in skin temperature and inIn this study the incubator temperature was altered to maintain cubator temperature.
skin temperature at 36.5" both before and during phototherapy. T h e question arises of whether the observed changes in blood flow were not related to postprandial variations. Blood flow measurements at comparable periods postprandially without phototherapy, in the third set of infants, did not show any significant changes, as seen in Table IV . Previous studies have shown that exposure of the skin to photoirradiation in the far and near UV wavelengths leads to vasodilation followed by erythema I n order to observe the effect of postprandial varia-[I, 2, 4, 51. With monochromatic UV it was further demonstrated that erythema efficiency is maximum at tions of blood flow on our experimental design, a third about 297 nm and 254 nm with a minimurn at 280 nm. set of blood flow measurements was performed on eight I n addition, there exists another broad band, with preterm icteric infants following the same time schedule, but without phototherapy. T h e results are shown weaker efficiency, from 330 to 420 nm. T h e erythema in Table IV . Differences between pre-and postprancaused by the long UV wavelengths develops immediately, reaches a maximum in about 1 hr, and usually dial values and between 0.5-and 1.5-hr postprandial values were not statistically significant (P > 0.5).
lasts for less than 24 hr [I]. Using a Kendall Mark IV radiometer we measured the irradiance inside a C-86
Discussion
Measurements of blood flow in neonates have demonstrated that peripheral blood flow varies with the maturity and postnatal age of the infant [ll] . Peripheral blood flow was found to be higher on the 3rd day of life than on the 1st or 5th postnatal day. Because of these considerations, infants selected for this study were all preterm (mean birth wt 1,691 i . 264.7 g, gestational age 35 k 1.4 weeks) and between the 4th and 6th days postnatally. T h e control measurements were all performed 30 min after feeding. T h e time was chosen because during this time the infants were generally quiet, since it is impossible to make accurate isolette under phototherapy lamps. Our findings were similar to those reported in the Rohm and Haas bulletin [19] and by Yasunaga and Kean [21] that the plexiglass G, used in the manufacture of incubators, caused a sharp cut-off of transmission of wavelengths below 360 nm. It seems unlikely, therefore, that the alterations in blood flow during phototherapy are caused by irradiation involving wavelengths below 360 nm. However, our measurements did show that plexiglass will successfully pass greater than 80% of the energy lying between 360 and 420 nm. T h e observed augmentation in blood flow during phototherapy may thus be related to the action of long UV radiations in this range directly on the skin.
Another possible explanation of the changes in blood flow is the transfer of nonionizing radiant energies from phototherapy lamps to the skin, producing electron excitation. One mode of dissipation of the excitation energy would be its degradation into heat [15] . This, in turn, may cause vasodilation and increase the blood flow.
A number of factors may be involved in the observed temperature changes in the infant and the incubator in stzldy I. Because the temperature of phototherapy lamps (38.3-39.4') is higher than the skin temperature of the infant, heat loss by radiation from the infant and the incubator is diminished, and, at the same time, radiant heat from the lamps to the infant and incubator is increased. Unless compensatory mechanisms are put into operation, a rise i n temperature will be expected in both. In addition to the direct effect of radiant heat, photochemical reactions in the skin together with increase in blood flow may further augment skin temperature changes. These changes may or may not affect core temperature, depending upon the infant's own homeostatic mechanisms. T h e observed increase in respiratory rate may be one method of losing heat by insensible water loss in order to maintain a stable core temperature in the presence of rising surface temperature [5, 19, 201. T h e question arises as to whether the observed increases in blood flow during phototherapy may be due to a response to rise in surlace temperature or to a response to photochemical reactions in the skin or both. In studies ol blood flow in adults, Barcroft and Edholm [3] found increased blood flow through the limbs in conjunction with rising skin temperature. Later studies by Hyman et al. [9] showed that reflex heating causing a rise of 0.5-1.0" in body temperature resulted in a threefold increase in blood flow through the skin but only a slight increase in muscle blood flow. During phototherapy, with its accompanying rise in surface temperature, the increase in blood flow through the skin and muscle may be caused by the increase in surface temperature. However, when surface temperature was kept constant in study I I , exposure to phototherapy resulted in an augmentation oT blood flow through the skin but not the muscle. This finding demonstrates that irradiation from phototherapy lamps can cause increases in skin blood flow, although not to the degree caused by increase in surface temperature.
Inasmuch as the initiation of photo-oxidation of bilirubin occurs i n the skin, one of the factors influencing efficiency of phototherapy should be rate of skin blood flow. Increase of skin temperature which, in turn, augments skin blood flow consequently should enhance the effectiveness of phototherapy. However, in small or sick infants the metabolic demands brought about by increasing temperature may outweigh any benefit from increasing blood flow. I n these infants, maintenance of normal skin temperature during phototherapy should reduce this potential risk.
